A RECURSIVE APPROACH TO THE EQUATIONS OF MOTION 


157 


- ."/0 / 

N91-22319 




PRECEDING PAGE BLANK NOT FILMED 


Work supported in part by the AFOSR Research Grant F49620-89-C-0049DEF 
monitored by Dr. Spencer T. Wu; the support is greatly appreciated. 



The interest lies in a mathematical formulation capable of 
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OVERVIEW tCONT'D) 

» The equations of motion are nonlinear hybrid (ordinary and partial) 
differential equations. 
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159 


order, and for the elastic motions and the perturbations caused by 
them, which is linear and of relatively high order. 
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The kinematical synthesis, based on recursive relations, is carried 
out both for the zero-order and first-order problems. 


HYBRID EQUATIONS FOR THE SUBSTRUCTURES 



Figure 1 - The Articulated Chain of Substructures 


HYBRID EQUATIONS FOR THE SUBSTRUCTURES 

Derivation of the equations of motion by the Lagrangian approach 
requires the Lagrangian, and hence the kinetic and potential energy. 
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coordinates 

= skew symmetric matrix formed from ®s 
: u s = elastic velocity vector of P s ; in terms of body coordinates 
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s can be regarded as time derivatives of quasi-coordinates 


HYBRID EQUATIONS FOR THE SUBSTRIICTIIRESfCONT'm 





+ 


* •» 
r-H |CN ^ 



J64- 


= mass density; D s = domain of substructure 
] = energy inner product 
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force density vector 



HYBRID EQUATIONS FOR THE SIIBSTRIICTIIRESfCONT'm 

Explicit Hybrid Equations: 




ORDINARY DIFFERENTIAL EQUATIONS 
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Augmenting Equations: r 5 = cj V, 



PERTURBATION APPROAi 




PERTURB ATfON APPROACHtCONT'DI 

Introduce perturbation expansion into state equations and separate 
orders of magnitude. 
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PERTURBATION APPRO ACHfCONT'D 
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KINEMATIC AL SYNTHESIS FOR ZERO-ORDER EQUATIONS 
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KINEMATIC AC SYNTHESIS FOR FIRST-ORDER EOS . 
(CONT’Dl 

Completion of the Perturbation State Dimension: 
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The equations of motion for a structure in the form of a collection of 
articulated flexible substructures can be derived conveniently by 
means of Lagrange's equations in terms of quasi-coordinates for 
flexible bodies. 
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associated with the "rigid-body" maneuvering and the control is 
open loop. 
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The formulation is particularly well suited for control design. 



